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Abstract 
This work reports a review on some of the ways in which education and research can be used to solve today’s complex 
problems by taking into account teaching and learning strategies that go beyond traditional teaching strategies. It 
revisits different teaching approaches and connects them directly to uni-, pluri-, multi-, inter-, and transdisciplinary 
attitudes, and how educational professionals think of the subject of teaching. This discussion reflects on how teachers 
tend to reproduce procedures they observed in their own graduation programs and why experienced teachers opt for 
inter- and transdisciplinary attitudes. Using a qualitative approach, this work illustrates the results from a Project-Based 
Learning strategy applied to a group of Major Engineering students to solve problems at the University’s Campus. 
Participants included 25 students engaged to Physics Engineering program supervised by different faculty members, 
experienced undergraduate and graduate students, and technicians, who had mentored the undergraduate students’ teams, 
all working in subjects closely related to the projects. The products developed by the teams show evidence that the 
students were motivated and engaged in the projects; this supports the premise that inter- and transdisciplinary 
approaches drive collaboration in the execution of projects, develop soft skills and permit knowledge development in an 
articulate and complex way thereby leading to a broader education of the students. 
Keywords: teaching approaches, active learning strategies, inter- and transdisciplinarity 
1. Introduction 
Nowadays, discussions have focused on different branches of knowledge regarding the use of alternatives to traditional 
teaching. Fundamentals of socioconstructivism (Vygotsky, 1999; Coll, 2004), meaningful learning (Ausubel, 1963), 
autonomy and motivation (Freire, 1996; Dikinson, 1995; Reeve, Bolt & Cai, 1999; Ryan & Deci, 2000), and digital 
information and communication media (Castells, 1996), have all been used to establish new active teaching and learning 
strategies. 
Along with this, there have been different teaching practices in the classroom due to the scope of the curriculum which 
could be uni-, pluri-, multi-, inter-, or transdisciplinary (Sommerman, 2006). Many groups all over the world have 
conducted research and education studies on these different scopes. Some of the most recognized authorities on these 
subjects are Basarab Nicolescu (Niculescu & Ertas, 2013), Yves Lenoir (Lenoir & Hasni, 2016), Edgar Morin (Morin, 
1999), Ivani Fazenda (Fazenda, 2014), Hilton Japiassu (Japiassu, 2006; Carneiro, 2018), among others. 
Therefore, literature on the subject is extensive and generally overlaps different fields of knowledge. Nevertheless, there 
has been no consensus on the forms of action and their scope limits, especially regarding the application of inter- and 
transdisciplinary approaches (Bernstein, 2015; Ertas, Nicolescu & Gehlert, 2016; Fazenda, 2008). This discussion is 
nothing new and was initiated about 50 years ago. To illustrate this, at an event on multi- and interdisciplinarity in the 
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1970s, Jean Piaget coined the term transdisciplinarity (Piaget, 1972). This later culminated with the Charter of 
Transdisciplinarity (Freitas, Morin & Nicolescu, 1994) and the Manifest of Transdisciplinarity (Nicolescu, 2002), which 
dealt with social development, equality of human rights and others issues, in addition to addressing the of quality of 
education. 
The ability of students to develop competencies to solve complex problems are among the fundamental aspects in 
discussions of teaching and research practices. Some authors have documented that pluri- or multidisciplinary fields 
cannot solve the complex problems in today’s world, this supports the need for inter- and transdisciplinary educational 
attitudes (Fazenda, 2008; Ertas, 2018; Morin, 1999). Padurean & Cheveresan (2010) consider transdisciplinarity the basis 
of the four pillars of 21st Century Education, since it takes into account teaching and learning strategies which consider 
the dimensions of “learning to know”, “learning to do”, “learning to be”, and “learning to live together”, as pointed out by 
Delors and collaborators (Delors, 1996, 2013). 
Additionally, according to Ertas (2018): 
Transdisciplinarity can be defined as the practice of acquiring new knowledge through education, research, 
design, and production with a broad emphasis on complex problem solving, and the use of knowledge and 
techniques from multiple scholarly disciplines (Ertas 2018, p. 77). 
Thus, any discussion involving the type of disciplinary approach will certainly impact on the establishment of a new 
paradigm in teaching and learning processes, in solving academic problems, while taking formal courses (i.e. educational 
problems) (Dewey, 1938), as well as in solving real-world problems (i.e. research and social problems) (Ertas, 2018).  
Using a qualitative approach, this article reviews the epistemological and methodological assumptions that involve the 
concepts of uni-, pluri-, multi-, inter-, and transdisciplinarity, by which the teachers can act. The article also reports a case 
study on the use of Project-Based Learning as an example of inter- and transdisciplinary approach, which was used to 
teach a group of undergraduate students drawn from a Physical Engineering program. 
2. The Different Teaching Strategies 
One of the reasons for the creation of knowledge areas, different disciplines, and college programs was based on the fact 
that it was thought that the organization of knowledge in smaller fractions would lead to the development of more 
specialized knowledge in one area, and consequently would facilitate learning. This resulted in the creation of specialized 
programs towards the end of the 20th century. A striking example of this is engineering programs. In Brazil, for instance, 
in 1973 there were 21 different specializations, increasing to 35 in 1995 and to 50 in 2005 (Oliveira, 2005; Oliveira, 
Almeida, Carvalho & Pereira, 2013). However, many authors have argued that uni-, pluri-, and multidisciplinary 
education and research did not take into account the complexity of the problems that exist at the beginning of this century. 
This needs teaching and learning attitudes that put together inter- and transdisciplinary aspects (Ertas, 2018). 
To exemplify these different ways of teaching and learning, Figure 1 schematically displays the unidisciplinary thoughts 















Figure 1. Representation of different thoughts of four professionals about a book 
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The four professionals are a Cartoonist (upper left panel), an Engineer (upper right panel), a Business administrator (lower 
left panel), and a Writer (lower right panel). All of them work in the book creation, production and distribution chain. 
Based on their professional fields, each one has different thoughts on the same object of work, which are summarized in 
Chart 1. 
 
Chart 1. The thoughts of the different professionals mentioned in Figure 1. 
Professional Unidisciplinary thoughts 
Cartoonist Make drawings to illustrate books 
Engineer Work at the book production line 
Business administrator Manage book production and distribution 
Writer Write texts in order to report the subject in books 
 
If the thoughts of each of the professionals is unidisciplinar, as shown in Chart 1, they will not be able to explain to any 
individual the relationship between the object of work and other subject areas. For a todays' student, such thoughts will 
not address their learning needs. For example, a young graduate student entering the job market needs to have 
knowledge that goes far beyond that of his/her teachers' unidisciplinary field. Nevertheless, due to the existence of 
different subjects and different approaches to teaching and learning, the student ends up getting a better education than 
the sum of the unidisciplinary fields of each teacher. Thus, having teachers with more inter- or transdisciplinary 
attitudes probably will better equip the students for the job market. 
Therefore, is quite reasonable nowadays for a professional of any field to have knowledge that goes well beyond his/her 
unidisciplinary field of expertise. It is not uncommon to find a writer who knows about the production costs of a book, 
recognizes social and environmental impacts related to this production, and uses digital media for writing the books. 
Furthermore, an engineer is expected to know details of the quality of the papers that will make up the printing of a 
book and even the best way to display it for sale in a bookstore window. This kind of broad knowledge will have a very 
positive impact on solving today's problems and the overall education of students. 
Based on above reflections on unidisciplinary thoughts, it is possible to summarize how teaching strategies are used. 
Chart 2 lists disciplinary fields and relate them to the teacher’s perceptions, as well as to the different forms of teaching 
approaches. 
 
Chart 2. Disciplinary fields, different teachers’ perceptions, and different teaching approaches. 
Disciplinary field How teachers see the object of teaching Teaching approach 
Unidisciplinary Has specific knowledge about the subject matter 
Teaches as if only one field of knowledge 
existed 
Pluridisciplinary 
Recognizes the existence of other fields of 
knowledge that involve the object of teaching 
Teaches the content in a unidisciplinary way, 
but knows the existence of other fields of 
knowledge 
Multidisciplinary 
Looks at the object of teaching in a 
unidisciplinary way, but is able to make students 
interact with other fields of knowledge 
Teaches the content of your knowledge, but 
cares about the student learning on other 
subjects 
Interdisciplinary 
Deals with the object of teaching in broader way 
because is routinely interacting with 
professionals from other fields of knowledge 
Teaches the content of his/her subject as well as 
others by appropriating knowledge from other 
areas through collaboration with different 
professionals 
Transdisciplinary 
Looks at the object of teaching in very broad 
way, considering aspects in all fields of 
knowledge that involve the existence of the 
object 
Teachers concerned with all updated aspects of 
knowledge in the areas of Exact, Biological, 
and Human Sciences 
 
In addition to providing insight into the comprehensiveness of each teaching approach, Chart 2 provides an additional 
perspective: the maturity of teachers throughout the working years. This Chart suggests that a teacher with little 
experience tends to have an attitude uni- or pluridisciplinary practices, which is explained by the fact that this teacher 
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tends to reproduce the practices he/she experienced during his or her college classes (Day, 1999). Thus, less experienced 
teachers should be motivated to move forward gradually from uni- and pluri- to inter- and transdisciplinary approaches as 
soon as possible, however, one has to keep in mind this is a time-consuming process which cannot be attained by a young 
teacher in a short period of time.  
With time, a mid-career teacher begins to apply a more multidisciplinary attitude, which favors the exchange and 
obtaining of information from fields other than that of his/her initial college graduation. Because of this attitude, these 
teachers end up moving towards more inter- and transdisciplinary approaches, allowing them to become daring and 
bringing fundamentals from other areas of knowledge to their own teaching practices, as well as drawing on aspects of 
everyday life, an attitude of a mature individual. Because of this process, the more experienced teacher ends up providing 
a more complete education for students; an approach more compatible with the issues of 21st century complexity. 
These aspects are important for the continuous development of professionals in education, since those at the starting point 
of their career cannot match to those who are more mature. Furthermore, broader formative opportunities, which allow 
teachers to reflect on their areas of knowledge and in different contexts, ought to be considered as very relevant in today’s 
world (Auerbach & Andrews, 2018; Day, 1999; Deslauriers, Schelew & Wieman, 2011; Shulman, 2016). 
3. Active Learning Strategies and Their Relevance for the Today's Complex Problem Solving 
Based on discussions about teaching strategies documented so far, there is reasonable agreement among teachers on the 
use active learning strategies that supposedly develop soft skills, i. e. those related to behavior, interpersonal, and 
collaborative actions, which are relevant for promoting inter- and transdisciplinary attitudes in students. Thus, assuming 
that the development of soft skills are parts of the pillars of 21st century education, and that inter- and transdisciplinary 
attitudes form the basis of these pillars, as suggested by Padurean & Cheveresan (2010), it is imperative that educational 
institutions should make their teachers overcome difficulties faced with the use of these skills and attitudes. Some of these 
difficulties are related to the existence of only traditional infrastructure, such as conventional classrooms, or disagreement 
in using active learning strategies, either by teachers' fear of placing themselves in unfamiliar situations, which is very 
common in these type of strategies, or due to the possible greater work teachers may have in performing student-centered 
activities. 
Additionally, it is clear that, in the case of Engineering, active learning strategies involving collaborative team activities 
are the best for simulating the real situations faced by engineers in today's world (Graaff, Saunders-Smits & Nieweg, 
2005). Thus, we highlight Project-Based Learning (Pereira, Barreto & Pazeti., 2017; Stozhko, Bortnik, Mironova, 
Tchernysheva & Podshivalova., 2015; Treadwell, 2018), Problem-Based Learning (Graaff & Kolmos, 2007; Yadav, 
Subedi, Lundeberg & Bunting, 2011), Team-Based Learning (Koles, Stolfi, Borges, Nelson & Parmelle, 2010; Parmelee, 
Michaelsen, Cook & Hudes, 2012; Zhang, Wu & Li, 2018), and Design Thinking (Glen, Suciu, Baughn & Anson, 2015; 
Design Thinking for educators, 2013; Ingle, 2013), among others. 
Specifically, in 2010, UNESCO (2010, p.6) proposed "transforming engineering education, curricula, and teaching 
methods to emphasize relevance and problem-solving approach to engineering". UNESCO (2010) also emphasized that 
engineering curricula should be based on activities that are relevant to students, with a focus on learning through projects. 
Project-Based Learning is an active learning strategy in which students’ teams work on projects based on real problems, 
aimed developing students’ technical and soft skills. It is a strategy in which students find themselves facing tangible 
problems that ought to be solved using technical knowledge (Lehmann, Christensen, Du & Thrane, 2008; English & 
Kitsantas, 2013). 
For engineering undergraduate programs, Project-Based Learning strategy is considered one of the most effective ways to 
prepare students for the challenges in their future career (Jollands, Jolly & Molyneaux, 2012). 
4. Case Study 
The section describes a case study considered inter- and transdisciplinary in the discipline of Electronic Materials and 
Devices, offered in the second semester of 2018 to 25 student-majors from the Physical Engineering program at the 
University of São Paulo at Lorena.  
The theoretical contents of the discipline were carried out using tools and strategies described in a previously published 
work (dos Santos, Pereira, Barreto, de Souza & Cicarelli, 2019). The option here was to adopt the Project-Based Learning 
as an active learning strategy.  
The students were divided into 5 teams of 5 members each, decided by lot, to elaborate and execute the projects. The 
teams had a multidisciplinary group of faculty members, experienced undergraduate and graduate students, technicians 
from different backgrounds, capable of supporting the development of conceptual contents and assisting the technical 
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procedures necessary for the execution of the projects. All the projects were required to be low cost and related to 
University Campus issues. 
The teams had to consider the following aspects when establishing the projects: 
i) A close relationship between the projects and the contents of the discipline, the undergraduate program, and the general 
education of students enrolled in the subject; 
ii) the competencies and skills of the supervisory team members, consisting of monitors, graduate students, technicians, 
maintenance assistants, teachers of other disciplines related to the projects, and the own profile of the subject's teacher; 
iii) The project ought to be feasible within a specified time schedule; 
iv) The project ought to be related to real problems of the student's daily life; 
v) The elaboration and execution of the projects should be planned in a way that do not diminish the hard content to be 
learned from the discipline; and 
vi) The student’s learning should be evaluated individually through two written exams. 
The assessment of each student's learning was based on two individually-written exams related to the hard content of the 
discipline, as well as team project development through presentation of the results. The progress of the projects was 
monitored during traditional and online classes through the Cuboz social education network (de Souza, Bussolotti, 
Ribeiro & da Cunha, 2019; dos Santos et al., 2019). 
The following projects were carried out throughout the semester:  
i) Mounting of security cameras; 
ii) Studying and testing of a “magic carpet” for energy collection using piezoelectric materials; 
iii) Development of energy saving lighting sensors; 
iv) Development of motion sensors with alarms; and 
v) Solar panel assembly for energy collection and use. 
Figure 2 shows images of the final assembly of the project related to solar panel, where one can see two students 
interacting with two technicians (left picture) and the system running with a light illuminating the Campus location 














Figure 2. Images of the solar panel project in its final assembly. Some parts of the images were covered to protect 
identities and advertisements 
 
The initial aspects of the projects ought to have considered the following issues: 
i) The location of the project should be in the University Campus; 
ii) The devices to be used, preferably low cost or reuse materials, and free software; 
iii) The quotations for the devices and viability of setting up the proposed system; 
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iv) Purchasing the devices; 
v) Testing and obtaining data on the performance of assembled equipment; 
vi) Finalizing the project within an established schedule; and 
vii) Demonstrating the viability of the project economically, taking into account sustainability and safety issues on the 
University Campus. 
Based on the activities developed by the teams during the elaboration and execution of the projects the following inter- 
and transdisciplinary activities were observed: 
i) Use of concepts from several other discipline subjects, such as General Physics, Mechanics, Welding, Technical 
Drawing, Electricity and Magnetism, and Electronics and Instrumentation; 
ii) Bibliographic search in Portuguese and English; 
iii) Preparation of scientific assays; 
iv) Use of social networks (Cuboz and WhatsApp) and videos (YouTube); 
v) Teamwork; 
vi) Development of cooperation and collaboration activities; 
vii) Interaction with employees of all levels of training; 
viii) Development of leadership aspects; 
ix) Oral presentations; 
x) Development of planning aspects and commitment with the execution schedule; 
xi) Perception of viability; 
xii) Importance of the project for the sustainability and safety of the University Campus; and 
xiii) Demonstration of the degree of individual and team satisfactions during the execution of the project and on the days 
of partial and final presentations. 
Results of the executed projects showed that the combination of all the aspects above mentioned were compatible with the 
development of inter- and transdisciplinary projects, which are important for the teaching approaches that involve 
problem solving of greater complexity. 
5. Final Remarks 
Based on unidisciplinary thoughts of several educational professionals, different teaching approaches have been 
documented. Experienced teachers tend to adopt inter- and transdisciplinary attitudes more frequently. These approaches 
are considered more appropriate for students that must learn how to solve complex world problems of this century. On the 
other hand, younger teachers tend to use educational strategies that are more uni- or pluridisciplinary related to their own 
previous experience as students. This suggests that teachers ought to be aware of these approaches and attitudes.     
To provide an opportunity for students to be exposed to multi-, inter-, and transdisplinary actions, Project-Based Learning 
methodology was adopted to teach five teams of Major Engineering students to solve problems at the University Campus. 
The projects were mentored by undergraduate and graduate students, technicians, and faculty members of project-related 
subjects. The team of students had to elaborate a sketch of the project, source and purchase the items required to build the 
system, and demonstrate how the system could work to address a problem. Students’ motivation and engagement were 
assessed using their comments and satisfaction during the conduct of the projects. Project-Based Learning was evidently 
a teaching strategy that promoted active learning and permitted inter- and transdisciplinary collaboration. Therefore, 
teaching went beyond the uni- and pluridisciplinary approaches and developed the four pillars of 21st Century Education, 
proposed by Delors (1996), especially the teamwork skills, and collaboratively solving real-world complex problems. 
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